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Progressive multifocal leukoencephalopathy is a demyelinating disease of the human central nervous system
that results from lytic infection of oligodendrocytes by the polyomavirus JC (JCV). Originally, JCV was thought
to replicate exclusively in human glial cells, specifically oligodendrocytes. However, we have recently shown that
JCV can replicate in cells of lymphoid origin such as hematopoietic precursor cells, B lymphocytes, and
tonsillar stromal cells. To determine whether tonsils harbor JCV, we tested a total of 54 tonsils, 38 from
children and 16 from adult donors. Nested PCRs with primer sets specific for the viral T protein and regulatory
regions were used for the detection of JCV DNA. JCV DNA was detected in 21 of 54 tonsil tissues, or 39% (15
of 38 children and 6 of 16 adults) by using regulatory-region primers and in 19 of 54 tonsil tissues, or 35% (13
of 38 children and 6 of 16 adults) by using the T-protein primers. The DNA extracted from children’s
nondissected tonsil tissue, isolated tonsillar lymphocytes, and isolated stromal cells that demonstrated PCR
amplification of the JCV regulatory region underwent cloning and nucleotide sequencing. Of the regulatory-
region sequences obtained, nearly all contained tandem repeat arrangements. Clones originating from non-
dissected tonsil tissue and tonsillar lymphocytes were found to have sequences predominantly of the Mad-1
prototype strain, whereas the majority of clones from the DNA of tonsillar stromal cells had sequences
characteristic of the Mad-8br strain of JCV. A few clones demonstrated structures other than tandem repeats
but were isolated only from tonsillar lymphocytes. These data provide the first evidence of the JCV genome in
tonsil tissue and suggest that tonsils may serve as an initial site of viral infection.

A high percentage of the world’s population undergoes in-
fection by the polyomavirus JC (JCV) (17, 26). The infection
generally occurs during childhood, with specific antibodies to
the virus developing subsequent to infection (23, 37, 39). In
immunocompromised individuals, JCV lytically infects oligo-
dendrocytes and causes a demyelinating disease of the central
nervous system termed progressive multifocal leukoencepha-
lopathy (PML) (26, 31). The incidence of PML has increased
worldwide in conjunction with immunosuppression attributed
to the human AIDS pandemic and the use of immunosuppres-
sive therapies. Evidence suggests that PML occurs predomi-
nantly from reactivation of latent JCV infection in immuno-
compromised individuals, as well as from primary infection (4,
20, 35).

Originally, JCV was thought to have a very restricted cellular
host range, replicating only in oligodendrocytes (32, 38). Be-
cause of its capacity to cause demyelination in the central
nervous system and multiply chiefly in human glial cells in
culture, JCV was considered strictly a neurotropic virus. How-
ever, JCV infection has also been described in lymphoid cells
of PML patients (21), in peripheral blood lymphocytes from
patients with and without PML (5, 36), and in peripheral blood
lymphocytes from human immunodeficiency virus-infected pa-
tients (13) and from immunocompetent individuals (12). In a
recent report we demonstrated that JCV infects and replicates
in hematopoietic precursor cells, B lymphocytes, and tonsillar
stromal cells (29). We also demonstrated that both tonsillar B

lymphocytes and stromal cells are infectible in vitro but that a
much higher percentage of tonsillar stromal cells than B lym-
phocytes become infected (29).

Studies have shown that JCV is present in the urine of
pregnant women (6, 8, 18, 27), immunocompetent, healthy
individuals (7, 9, 22, 41), and PML patients (11, 40). Conse-
quently, JCV establishes a persistent infection in the kidney.
Unlike the Mad-1 regulatory-region sequences found predom-
inantly in JCV isolated from the brains of PML patients (15,
19, 28, 34), JCV isolated from urine has the “archetype” reg-
ulatory-region sequence arrangement (14, 40–42). Variations
in the genomic sequences within the VP1 structural protein
region have also been reported and have been used in some
studies to classify different JCV genotypes (1–3, 25).

In this study we identified the JCV genome in tonsils of both
pediatric and adult donors and determined the nucleotide se-
quences of the regulatory regions present not only in the total
tonsil tissue of three children but also in their isolated tonsillar
lymphocytes and isolated tonsillar stromal cells. The regulato-
ry-region sequences are thought to be the predominant factor
controlling viral host range. If primary infection occurs by a
common route such as respiratory inhalation, as suggested by
viral seroepidemiology, tonsils are in an ideal anatomical po-
sition to be a primary site of JCV infection. The presence of
the JCV genome in tonsil tissue described here provides the
first evidence of where JCV may initiate infection in its human
host.

MATERIALS AND METHODS

Source of tonsillar tissue. Immediately after tonsillectomy, tonsils from 38
children and 16 adult donors were placed in phosphate-buffered saline. Pediatric
donors ranged in age from 3 to 15 years (average, 7.7 years), and adult donors
ranged in age from 18 to 57 years (average, 26 years).
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DNA extraction from embedded tonsillar tissue. Tonsillar tissue was dissected
into 1-cm3 pieces and fixed in formalin for slide preparation. Fixed, paraffin-em-
bedded tonsillar tissue was deparaffinized by three 5-min treatments with xylene
and two 5-min treatments with 100% ethanol and was air dried. Deparaffinized
tissue was scraped into 500-ml tubes, resuspended in 100 ml of a solution of 50
mM Tris-HCl (pH 8.2), 1 mM EDTA, 0.5% Tween 20, and 10 mg of proteinase
K/ml, and incubated overnight in a 37°C water bath. Heating at 95°C for 8 min
stopped enzymatic activity. DNA was extracted twice with phenol and twice with
chloroform. Sodium acetate was added to a final concentration of 0.3 M, and the
addition of 2.5 volumes of cold ethanol at 220°C overnight precipitated the
DNA. This DNA was subsequently used in nested PCR (n-PCR) experiments.

Tonsillar lymphocytes. The lymphocyte population, consisting of both T and B
cells, was isolated from 41 of the 54 tonsils by centrifugation through Ficoll-
Hypaque (density, 1.08). Lymphocytes could not be isolated from the remain-
ing 13 samples due to microbial contamination. Some lymphocyte samples were
placed in culture medium, RPMI 1640 with 10% fetal bovine serum, before DNA
extraction. The lymphocytes were washed, pelleted by centrifugation, and lysed
by resuspension in 0.5 ml of 10% sodium dodecyl sulfate plus 10 mg of proteinase
K/ml. The DNA from these samples was extracted by the procedure described
above.

Tonsillar stromal cells. The method used to isolate stromal cells from human
tonsils was described previously in detail (24). Briefly, tonsillar parenchyma was
dissected into small pieces and enzymatically digested by treatment with colla-
genase and trypsin for 1 h at 37°C. The cells released by enzymatic treatment
were washed twice in RPMI 1640 with 10% fetal bovine serum, resuspended in
this medium, and seeded into 75-cm2 tissue culture flasks. Nonadherent cells
were aspirated from cultures in wash solution, and the adherent stromal cells
were expanded by passaging several times.

Stromal cells were cultured in vitro from only 16 of the 54 tonsil samples
because, upon receipt, some samples were microbially contaminated and others
were not viable when dissociated from tissue and placed in culture. DNA for
n-PCR was extracted from in vitro-cultured tonsillar stromal cells by phenol-
chloroform treatment as described above.

n-PCR and Southern analysis. Selected JCV nucleotide sequences present in
the DNA from whole tonsillar tissue and from isolated tonsillar lymphocytes and
stromal cells were amplified by n-PCR. The primer sets used in the PCRs were
specific for the conserved region of the JCV genome coding for T protein or the
regulatory region. PCR assays were performed in a final volume of 100 ml by
using 1 mg of sample DNA, 2.5 U of AmpliTaq polymerase (Perkin-Elmer,
Branchburg, N.J.) and 2 mM MgCl2 in accordance with the manufacturer’s
instructions. The nested primer pairs used to amplify a 768-bp external segment
(nucleotides [nt] 4231 to 4252 and 4999 to 4979) and a 577-bp internal segment
(nt 4301 to 4321 and 4878 to 4858) of a conserved region of the JCV genome
coding for the T protein have been reported elsewhere (29).

For amplification of segments of the JCV genome regulatory region, the
external primer pair coding for a 586-bp segment was 59-CCC TAT TCA GCA
CTT TGT CC-39 (nt 4992 to 5011) and 59-CAA ACC ACT GTG TCT CTG
TC-39 (nt 448 to 428). The internal primer pair coding for a 388-bp segment was
59-GGG AAT TTC CCT GGC CTC CT-39 (nt 5060 to 5079) and 59-ACT TTC
ACA GAA GCC TTA CG-39 (nt 312 to 297). Numbering for nucleotide po-
sitions was adopted from Frisque et al. (16). The PCR program used for am-
plification of the regulatory-region segments with both external and internal
primers consisted of 5 cycles of 95°C for 1 min (denaturing), 60°C for 1 min
(high-stringency annealing), and 72°C for 2 min (extension), followed by 25
cycles of 95°C for 1 min, 55°C for 1 min, and 72°C for 2 min. All amplifications
were completed with a 7-min, 72°C extension period. A Perkin-Elmer Cetus mod-
el 480 Thermal Cycler was used for all DNA amplifications. All n-PCR experi-
ments included a positive control (0.1 ng of the JCV plasmid pM1TC) added to
the reaction mixture and a negative control consisting of the reaction mixture
without JCV template. Nested PCR (n-PCR) was performed with 10 ml of the
reaction products from the first amplification. Fifteen microliters of amplified
n-PCR products were examined by gel electrophoresis. All the n-PCR products
were analyzed by Southern blot transfer as previously described (29), by using a
specific JCV 32P-labeled pM1TC DNA probe (Lofstrand Labs, Gaithersburg,
Md.).

DNA sequences. PCR-amplified regulatory-region segments of JCV DNA
from whole tonsillar tissue, isolated lymphocytes, and stromal cells were cloned
directly into a pCR2.1 plasmid vector by using the Original TA Cloning Kit
(Invitrogen, Carlsbad, Calif.) in accordance with the manufacturer’s instructions.
Briefly, n-PCR products positive for JCV regulatory-region sequences (inserts)
were directly ligated into the pCR2.1 plasmid vector with DNA polymerase at
14°C overnight. Ligations were then transformed into competent bacteria and
plated on LB plates with 50 mg of kanamycin (Life Technologies Gibco, BRL,
Grand Island, N.Y.)/ml and 40 mg of X-Gal (5-bromo-4-chloro-3-indolyl b-D-
galactopyraminoside; Sigma, St. Louis, Mo.)/ml.

Transformed bacterial clones were detected by blue/white screening. Positive
white clones were confirmed by excision of inserts by treatment for 1 h at 37°C
with the restriction enzyme EcoRI (New England Biolabs Inc., Beverly, Mass.).
Cultures of positive clones were grown in order to obtain enough DNA (Midi
Prep; Qiagen Inc., Chatsworth, Calif.) for sequencing.

The nucleotide sequencing reactions were performed with Amersham ET
primers and Thermosequenase in accordance with the manufacturer’s instruc-

tions (Amersham Corp., Arlington Heights, Ill.). Reaction product sequences
were then determined by using an ABI 373 DNA sequencer with stretch modi-
fication.

RESULTS

PCR amplification of JCV-specific sequences in DNA iso-
lated from tonsils. DNA isolated from nondissected tonsillar
tissue from 54 individuals was analyzed by n-PCR for the pres-
ence of nucleotide sequences homologous to the conserved re-
gion of the JCV T protein and variable regulatory regions (Fig.
1). Southern blot hybridization of the n-PCR product from
agarose gels was used to assess the number of amplified ton-
sillar DNA samples which were positive for JCV sequences.
Positive results were obtained in 19 of the 54 (35%) samples
amplified with primers specific to the nonstructural JCV T
protein, while 21 of 54 (39%) samples were positive with prim-
ers specific for the JCV regulatory region (Table 1). Among
the 16 tonsil samples assayed from adult donors, 6 positives
were equally divided between males and females. In contrast,
11 of 23 tonsil samples from male children were positive, while
only 4 of 15 from female children were positive.

PCR amplification of specific JCV sequences in DNA iso-
lated from tonsillar lymphocytes and stromal cells. Of the 54
total tonsils studied, lymphocytes were obtained from 41 ton-
sils, whereas stromal cells were obtained from only 16 tonsils.
This lower number resulted from the inability to culture stro-
mal cells in vitro from nondissected tonsil tissue, in part due to
bacterial contamination. n-PCR was performed on DNA from
the tonsillar-lymphocyte (Fig. 2) and stromal-cell (Fig. 3) sam-
ples by using primers specific for the JCV T protein and reg-
ulatory region. As shown in Table 1, 12 of 41 (29%) lympho-
cyte DNA samples were positive for T-protein sequences, and
11 of 41 (27%) were positive for regulatory-region sequences.
Among the DNA samples from tonsillar stromal cells, 3 of 16
(19%) were positive for T-protein sequences and 4 of 16 (25%)
were positive for regulatory-region sequences.

Characterization of regulatory-region sequences found in
clones from tonsil tissue. Some of the n-PCR products ob-
tained by using JCV regulatory-region primer pairs were cloned
directly into a plasmid vector. Positive clones were confirmed
by excision of the insert with the restriction enzyme EcoRI
(Fig. 4). Successive nucleotide sequence analysis was per-
formed on a total of 59 clones, which were obtained from
nondissected tonsils, tonsillar lymphocytes, and stromal cells
from three children’s tonsils (Table 2). These samples were
selected because all three compartments were PCR positive for
JCV DNA. None of the adult tonsil tissue samples resulted in
PCR detection of JCV DNA in all three compartments. The
majority of the clones (33 of 59) were found to have the reg-
ulatory region sequence of the JCV prototype strain Mad-1.
The Mad-1 regulatory region, generally referred to as a 98-bp
repeat, consists of two direct 98-bp units, each having a com-
plete TATA box (Fig. 5). Six clones had a deletion of the
TATA sequence from the later 98 bp that is characteristic of
the Mad-4 strain (Fig. 5). Twelve clones from tonsillar stromal
cells showed a regulatory-region sequence identical to that of
the Mad-8br strain, an isolate first found in the brain of a PML
patient (28). The regulatory region of the Mad-8br strain has
the tandem repeat structure of Mad-4 but also contains a 23-bp
insert in the first unit of the 98-bp repeat at nucleotide 37 and
a 9-bp insert, corresponding to the last 9 bp of the 23-bp insert,
in the second unit of the 98-bp repeat at nucleotide 109 (Fig.
5). Among the 21 clones isolated from the tonsillar lympho-
cytes, 8 demonstrated the regulatory region characteristic of
the archetype structure which can be isolated from urine sam-
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ples of both PML and non-PML patients (14, 40–42). This
sequence arrangement does not contain repeats, having only
one 98-bp unit from the tandem repeat structure of Mad-1, but
has two inserted nucleotide sequences of 23 bp (after nt 36 of
Mad-1) and 66 bp (after nt 91 of Mad-1 [Fig. 5]).

DISCUSSION

We previously showed that, in addition to human glial cells,
JCV could infect tonsillar lymphocytes and stromal cells in
vitro (29). The anatomical location of tonsils and the suscep-
tibility of lymphocytes and stromal cells, both of which are
present in tonsils, to JCV infection make it plausible that JCV
infection can occur via a respiratory route. We used n-PCR
amplification to determine whether DNA from nondissected
tonsillar tissue, isolated tonsillar lymphocytes, and isolated
stromal cells of healthy individuals contained JCV-specific nu-
cleotide sequences. Of 54 tonsils from immunocompetent chil-
dren and adult donors, 19 (35%) were positive for the JCV
T-protein sequences and 21 (39%) were positive for the regu-
latory-region sequences. We also showed by n-PCR amplifica-
tion that DNA of isolated tonsillar lymphocytes and stromal
cells contained JCV-specific T-protein and regulatory-region

sequences (Table 1). The lower percentage of n-PCR products
found in tonsillar stromal cells could be explained by the loss of
infected and/or susceptible stromal cells during the cultivation
procedures. After enzymatic treatment, small pieces of tonsil
tissue were cultured for 1 to 2 weeks to allow for the separation

TABLE 1. Detection of nucleotide sequences for
JCV T and regulatory region by n-PCR

Sample

No. of positivea samples/no. tested
(% positive) for the:

T region Regulatory region

Nondissected tissue 19/54 (35) 21/54 (39)
Lymphocytes 12/41 (29) 11/41 (27)
Stromal cellsb 3/16 (19) 4/16 (25)

a Samples were considered positive if nucleotide sequences specific for either
the T protein or the regulatory region of the JCV genome, or both, were
amplified by n-PCR. By using the positive signal for the regulatory region as a
reference, 17 of 21 samples from the tonsil tissue, 9 of 11 samples from the
tonsillar lymphocytes, and 3 of 4 samples from the tonsillar stromal cells were
also positive for the T region.

b Stromal cells were placed in culture for 2 weeks prior to PCR analysis.

FIG. 1. Schematic diagram of the JCV genome, including the nucleotide positioning and 59-to-39 conformation of primer pairs used for n-PCR amplification of the
T protein and the regulatory region (RR). Broad arrows represent early (dark shading) and late (light shading) protein coding regions roughly divided by the origin
of DNA replication (ori). Dots represent the noncoding region of the large T protein. Numbering is adopted from the prototype Mad-1 sequence (16). Int., internal
primer; Ext., external primer.
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of adherent stromal cells from the other cell populations
present in tonsil tissue, ensuring a pure population of stromal
cells. It is possible that during the period of in vitro cultivation,
selection for noninfected stromal cells occurred while the JCV-
infected cells died. As we noted in Materials and Methods,
some stromal-cell cultures were not viable after dissociation
from the tonsil tissue when cultures were held for several
weeks.

The reported differences in regulatory-region sequences of
JCV isolated from different tissues, such as brain and urine,
prompted us to investigate the regulatory-region sequences of
JCV in tonsillar tissue and the specific cell types isolated from
this tissue. The prototype Mad-1 brain isolate of JCV includes
a 98-bp tandem repeat regulatory region. However, isolates

from urine, referred to as the archetype, have one of the two
98-bp structures deleted and have 23- and 66-bp structures
inserted as shown in Fig. 5.

The majority of the regulatory-region clones derived from
the nondissected tonsillar-tissue samples and from the isolated
lymphocytes were found to have nucleotide sequences charac-
teristic of the Mad-1 prototype (Table 2). In contrast, 12 of the
15 clones from tonsillar stromal cells had regulatory-region
sequences characterized by the presence of a 23-bp insert in
the first unit of the 98-bp repeat but only the last 9 nt of the
same insert in the second unit, which also lacked the TATA
box. These regulatory regions also contained a single-base pair
insert where the archetype has a 66-bp sequence. An isolate
found previously from the brain of a PML patient (28), MAD-
8br, has the same regulatory-region sequence as the clones
derived from tonsillar stromal-cell DNA. However, this se-
quence arrangement was found in stromal cells from only two
tonsil tissues. Additional stromal-cell cultures from other tonsil
tissue samples are needed to determine if the Mad-8br regu-
latory sequences are the most common in these cells. No in

FIG. 2. Detection of the JCV genome by n-PCR amplification and Southern
blot hybridization from tonsillar lymphocytes. The primer sets used in this ex-
periment were specific for the T-protein region of the JCV genome. The internal
primers amplified a 577-bp segment. Lanes marked 48 to 54 contained DNA
extracted from tonsillar lymphocytes isolated from tonsil tissue of healthy do-
nors. Negative control, PCR amplification without template. HaeIII-digested
fX, DNA molecular weight markers. Positive control, JCV plasmid pM1TC.

FIG. 3. Detection of the JCV genome by n-PCR amplification and Southern
blot analysis of tonsillar lymphocytes and stromal cells isolated from tonsil tissue.
For amplification of segments of the JCV genome regulatory region, primer pairs
which amplified a 388-bp internal segment were used. Lanes marked 51 through
53 contain DNA extracted from isolated and cultured tonsillar lymphocytes and
DNA extracted from stromal cells from three different donors. Positive and
negative controls are similar to those in Fig. 2.

FIG. 4. EcoRI restriction enzyme digests of JCV regulatory-region clones
from nondissected tonsil tissue, tonsillar lymphocytes, and stromal cells isolated
from tonsil 53. DNA fragments were visualized after staining with ethidium
bromide and were photographed with UV light. The upper bands represent
vector pCR2.1 (Invitrogen). The lower bands are excised inserts that were sub-
sequently sequenced. The different molecular weights of the insert bands corre-
spond to different viral regulatory-region sequences.

TABLE 2. Nucleotide sequence arrangements of the regulatory
regions of JCV clones isolated from tonsil specimensa

Specimen
Sequence(s)b (no. of clones) in:

Nondissected tissue Lymphocytes Stromal cells

49T91 Mad-1 (8) Arche (7) Mad-1 (1)
Mad-4 (4) Mad-8 (4)

53T90 Mad-1 (9) Mad-1 (9) Mad-8 (8)
Mad-4 (1) Mad-4 (1)

Arche (1)

54T90 Mad-1 (1) Mad-1 (3) Mad-1 (2)

a Specimens were obtained from one 6-year-old child and two 7-year-old
children. These samples were selected because all three compartments were
positive for JCV DNA.

b Expressed as JCV strains; for example, eight clones from nondissected ton-
sillar tissue of specimen 49T91 had the regulatory-region sequence of the Mad-1
strain. Arche, archetype structure.
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vitro biological activity has ever been demonstrated for the
MAD-8br strain (10). This observation may explain our inabil-
ity to identify JCV-specific proteins by immunocytochemistry
in the samples that were positive for JCV DNA. Of the 21 total
clones derived from tonsillar lymphocytes, 12 had prototype
Mad-1 regulatory-region sequences (Table 2). Eight clones
presented an archetype structure, characterized by the pres-
ence of one copy of the 98-bp structure found in Mad-1 along
with a 23- and a 66-bp insert. One clone showed a Mad-4
sequence, characterized by the absence of inserts and a dele-
tion of the TATA box sequence in the second 98-bp unit.
Because lymphocytes circulate freely between the blood and
other tissue, they may be responsible for transporting JCV with
the archetype sequence from the kidney to the tonsil tissue.
The presence of Mad-1 and Mad-8br strains of JCV in tissues
other than brain has already been demonstrated (30).

It has been postulated that JCV strains with the archetype
regulatory-region sequence could be the origin of the “rear-
ranged” prototype, Mad-1. This would be accomplished by
the loss of the 23- and 66-bp insert structures, followed by a
duplication of the remaining 98-bp structure. Regardless of
which, if any, of these mechanisms are viable, our results show
that the predominant JCV strain in tonsillar tissue is Mad-1.
Alternatively, others have proposed that immunosuppression
creates the conditions that allow JCV to replicate and foster
change in its regulatory-region sequence. This may permit JCV
replication in specific organs and cell types (33).

JCV DNA with an archetype regulatory region is mainly
detected by PCR in kidney tissue and urine (41, 42). These

data support the possibility that the archetype is a variant
strain that the cells in different organs can select in order to
survive after primary JCV infection. Daniel et al. (10) showed
how the deficit of archetype replication in primary human fetal
glial cells was due to a failure of the early promoter to express
adequate levels of mRNA to support T-protein-mediated ar-
chetype DNA replication. Moreover, they demonstrated that
the removal of the 23- or the 66-bp insert, or both, from the
archetype structure increased its capacity for replication. In
our study, different clones were isolated from immunocompe-
tent individuals; the majority of these clones had nucleotide
sequences characteristic of the Mad-1 prototype, which is the
predominant strain found in uncultured, nondissected tonsil
tissue. If the viral genome is rearranged during active replica-
tion at the primary site of infection, we can hypothesize that
the Mad-1 prototype strain, the form which is more repre-
sented in the tonsil tissue and brain, can rearrange to generate
the multiple genotypes observed in other infected host cells.
Moreover, it is important to consider that in the process of
culturing the tonsillar lymphocytes and stromal cells, lytically
infected cell types may have been lost and only cells supporting
nonproductive viral variants remained. In conclusion, this pa-
per shows the presence of the JCV genome in tonsil tissue
from immunocompetent, healthy donors and supports the hy-
pothesis that tonsils can be the site of initial infection.
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